To asses the clinical profile, treatment outcome and prognostic factors in primary breast lymphoma (PBL).
Background
The term "primary breast lymphoma" (PBL) is used to define malignant lymphoma primarily occurring in the breast in the absence of previously detected lymphoma localizations.
The breast is a rare site for non-Hodgkin's lymphoma (NHL) and represents only between 0.38 and 0.7% of all NHL, and between 1.7 and 2.2 of all extranodal NHL [1] [2] [3] [4] [5] , accounting for only 0.04 to 0.5% of all breast malignancies [2, 3, [5] [6] [7] [8] [9] [10] . With the exception of the recently published prospective Mexican trial which included 96 patients with PBL [11] and the large study of the International Extranodal Lymphoma Study Group (IELSG) [12] , we were able to find in the literature only retrospective studies with a relatively limited number of patients, often mixed with cases of secondary breast involvement, single case reports and clinicopathologic studies, the latter often lacking any follow-up information.
So far, the largest retrospective series with genuine PBL and sufficient follow-up identified 204 patients from the IELSG [12] . Other studies included between 20 and 53 cases and provide some interesting information [3, 6, [13] [14] [15] [16] [17] [18] [19] [20] . However, because of the limited number of patients and the sometimes extended time span, the parameters of this disease, such as natural history, prognostic factors, impact of treatment, patterns of failure and survival have not been always well identified. For this reason and to collect a larger number of patients affected by this rare entity, we have performed a multicenter international retrospective analysis on PBL within the Rare Cancer Network [21] . The purpose of this study was to better assess the clinical profile, treatment parameters, patterns of failure, survival, and prognostic factors in patients presenting with PBL. This report includes 84 patients with PBL.
Methods

Patient characteristics
Eighty-four patients with primary breast lymphoma (PBL) were evaluated and treated in 20 member institutions of the Rare Cancer Network between 1970 and 2000. By definition, all cases presented with a lymphomatous involvement of the breast as the first manifestation of their disease with no previous diagnosis of NHL of any type or site.
The 84 patients included 83 women (99%) and 1 man. The median age was 64 years (range 28-90 years). The median follow-up was 56 months (range 9-188 months). Five patients presented with a previous cancer in the following sites: uterus (2), tonsil (1), kidney (1), bladder (1), and 2 had a concomitant cancer: of the breast (1) and soft tissue sarcoma of the leg (1). All were pathology-confirmed NHL, 46 with stage IE, 33 with stage IIE, 1 with stage IIIE and 2 with stage IVE, according to the Ann Arbor classification [22] . For 2 patients, the stage could not be retrieved. All patients received treatment with curative intent. The pathology reports were centrally reviewed. All NHL in this series were classified or reclassified according to the Working Formulation [23] as it was thought to be the most reproducible classification when reclassifying cases which were included in this 30-year period and coming from 20 different institutions. Thus, 51 patients (61%) had a high-grade, 6 (7%) an intermediate grade, and 27 (32%) a low-grade NHL.
For all patients, data on the medical history and physical examination were available. In fifty-one patients the initial sign was a palpable mass, in 9 there were local inflammatory signs, 10 had pain, 21 had palpable lymph nodes, and in 10 patients the PBL was discovered by a routine mammography. Staging work-up for all patients is shown in detail in Table 1 , while patient characteristics are summarized in Table 2 .
Surgery
Surgery consisted of mastectomy with (16) or without (5) axillary dissection, quadrantectomy alone (3), tumorectomy with (1) or without (35) axillary dissection, and biopsy alone (23) . In one case, the type of surgery could not be identified. The majority of patients received postoperative treatment: 37 radiotherapy combined with chemotherapy, 22 chemotherapy only, 14 radiotherapy only, whereas 11 patients had no treatment after surgery. The reasons for not giving any adjuvant treatment were patients' refusal and age in 2. For the remainder, the reasons could not be retrospectively identified.
Radiotherapy (RT)
Amongst the 51 patients (61%) receiving radiotherapy, 41 were treated on the whole breast, 7 on the thoracic wall, and 27 on the regional lymph nodes with or without breast/chest wall irradiation. The median RT dose was 40 Gy (range 12-55 Gy) at a median daily dose of 2 Gy (range 1.8-3 Gy). Except for 1 patient treated with electrons on the thoracic wall, all breasts or thoracic walls were treated with tangential photon fields.
Chemotherapy
Fifty-nine of the 84 patients (70%) were treated with chemotherapy. For 25 of them, chemotherapy consisted of CHOP (i.e. cyclophosphamide, doxorubicin, vincrinstine and prednisone). Ten patients received a CHOP-like regimen (i.e. cyclophosphamide, epirubicin, vincristine and prednisone), 11 CHOP plus bleomycine and 2 CHOP plus methotrexate. Three patients received a CVP regimen (cyclophosphamide, vincristine and prednisone) and 3 chlorambucil alone. Five patients received other chemotherapy drugs, including various combinations of cyclo-phosphamide, mitoxantrone, VM-26, doxorubicin, and prednisone. The median number of chemotherapy cycles was 4 (range 1-12). Only one patient received one cycle and 2 patients 2 cycles. This was due to haematological toxicity 2 or non-haematological toxicity 1.
Statistical Analysis
Overall survival (OS), lymphoma-specific survival (LSS), disease-free survival (DFS), and local control (LC) were calculated from the day of histology examination using the Kaplan-Meier method (243). The events were death (including all causes of death) for OS, death or relapse for DFS, death from lymphoma for LSS and local relapse for local control. Differences between groups were assessed using the log-rank test [25] . We screened for independent prognostic factors with a Cox regression analysis [26] . A pvalue of < 0.05 was considered statistically significant.
Results
Local and systemic relapse
Following treatment, 10 of the 84 patients (12%) presented with a local relapse. The median time to local relapse was 17 months (range 2-61 months).
Systemic lymphoma relapse, with or without local relapse, was observed in 43 of 84 patients (55%). The sites of the first systemic relapses were deep-seated (thoracic and abdominal) lymph nodes (n = 13), peripheral lymph nodes (n = 8), central nervous system (CNS) (n = 12), bone marrow (n = 7), pleura (n = 5), skin (n = 4), lungs (n = 3), spleen, muscles, orbit, stomach, Waldeyer's ring and kidney (each n = 2) and liver (n = 1). Of the 12 patients with CNS relapse, 10 or 85% had a high grade lymphoma, versus 61% for the entire group of patients. The median time to systemic relapse was 22 months (range 4-140).
Survival
The 5-yr OS, LSS, DFS and LC were 53%, 59%, 49%, and 87% respectively ( Fig. 1 ). Thirty-four patients died due to PBL and 8 due to other causes (1 from metastatic lung cancer, 1 from septicemia, 1 from small bowel obstruction, 1 from liver insufficiency, and for 4 patients the cause of death could not be retrieved).
Prognostic factors
Univariate analyses revealed that early (IE) stage was a statistically significant favorable prognostic factor for OS, LSS, DFS and LC. Mastectomy was an adverse factor for OS and LSS, whereas RT was a statistically significant favorable prognostic factor for LSS and LC. Chemotherapy only marginally improved the LC but without reaching a significant level. Combined modality had only a positive and significant effect on local control (Table 3 ). 27 32 In multivariate analysis, early stage was a significant favorable prognostic factor for OS, LSS, DFS, and LC (p values: 0.002, 0.001, 0.04, 0.03, respectively). Tumor size of more than 4 cm was an adverse prognostic factor for OS and LSS (p values: 0.01 and 0.007 respectively). RT was a favorable factor for local control (p = 0.02).
Side effects of RT
Sixteen patients were reported to have grade 1-2 skin reactions, 2 presented with grade 2 esophagitis, and 2 with local edema. Only 1 patient developed grade III toxicity, consisting of radiation-induced pulmonary toxicity.
Discussion
To our knowledge, our series of patients collected in 20 institutions of the Rare Cancer Network is the second largest retrospective analysis of PBL, with 84 patients treated over a 30 year period. We have identified one recent prospective trial from Mexico with a larger number of cases, including 96 patients with PBL [11] and the large series of the IELSG with 204 patients [12] . Other studies with more than 20 patients with PBL were reported by investigators from the MSKCC (53 cases), Japan (48 cases), City of Hope (41 cases), Stanford (37 cases), Harvard (32 cases), The Mayo Clinics (26 cases), The Netherlands (25 cases), MDACC (23 cases), France (22 cases), and Institut Gustave Roussy (20 cases) [3, 6, [13] [14] [15] [16] [17] [18] [19] [20] . Some of these reports have also included secondary breast lymphoma [3, 6, 14, 15] and in one of them no information on followup was provided [3] .
Overall survival (OS), lymphoma-specific survival (LSS), dis-ease-free survival (DFS) and local control (LC) in 84 patients with primary breast lymphoma 
Patient characteristics and pathology
In our study, the median age was 64 years, which is comparable to the 60-65 year range published by other authors [11] [12] [13] [14] [15] [16] . Aggressive PBL has sometimes been associated with younger age [5, 14] . PBL is extremely rare in males, with only one of our 84 patients, 1 of 23 patients from MDACC, 1 of 25 from the Mayo Clinic, 1 of 18 from St. Cloud [16, 17, 27] , and none in the other series [11, [13] [14] [15] .
In the present experience, the most prominent initial signs were a tumor mass, a mass with local inflammation, and palpable lymph nodes. In the other series, a painless mass was the most commonly presenting sign in 80-100% of cases [13, 16, 28] . Ten of our patients (12%) were diagnosed by a routine mammography, which is higher than in other series [14] . A second preceding (n = 5) or synchronous (n = 2) cancer was present in 7 (8%) of our patients whereas in the MSKCC series, 17% of patients presented with a second cancer [13] .
According to the Working Formulation, 61% of our patients had a high-grade, 7% an intermediate grade, and 32% a low-grade PBL. A predominance of diffuse large cell PBL was a constant feature in the IELSG, the Dutch, the MSKCC, the MDACC and the City of Hope pathology reviews, whereas the proportion of low or intermediate grade PBL was variable [3, 12, 13, 15, 16] . According to the comprehensive literature review by Brogi and Harris, the majority of PBL are diffuse large B-cell lymphoma (40 -70%), MALT-type has a reported incidence of 0 -44%, whereas the rare Burkitt's NHL can bilaterally involve the breasts of young, pregnant or lactating women with very aggressive clinical behavior [5] .
Diagnostic workup
For all patients, a medical history and physical examination were carried out. Seventy-seven percent of our patients underwent a mammography, 30% breast US and 8% breast MRI. Of interest, only 85% of the mammograms and 72% of the ultrasound examinations were interpreted as abnormal. In contrast to this, in the Harvard series, mammograms done after physical detection of a mass identified a parenchymal abnormality in all but one patient [14] .
Treatment
Surgery Strikingly, mastectomy was associated with a poorer survival in the univariate analysis, compared with conservative procedures or biopsy. A higher risk of failures with radical surgery was also noted in Fruchart et al's report [18] and an adverse effect on cancer-specific survival was seen in the IELSG series [12] . Although the adverse effect of mastectomy can be influenced by other confounding factors, radical surgery is at best unnecessary and should be avoided in PBL. Ideally surgery should be limited to a biopsy to establish the correct histological diagnosis, leaving the treatment with curative intent to radiotherapy and chemotherapy [11] [12] [13] 18, 19, 29] .
Radiation Therapy
Fifty-one (61%) of our patients received radiotherapy, with or without chemotherapy. The median radiotherapy dose was 40 Gy (range 12-55 Gy) at a median daily dose of 2 Gy. No dose effect relationship could be found. In addition, we were not able to demonstrate an impact of elective nodal irradiation. The majority (8 of 10) of the patients with a local relapse, did not receive post-operative radiotherapy. Thus, radiotherapy to the breast or to the thoracic wall had a statistically significant positive impact on local control, with 95% vs. 76% 5-yr local control rate (p = 0.02). In their series of 19 patients treated with definitive RT at MSKCC, De Blasio et al. found a local control rate of 78% [26] . The positive role of radiotherapy was also suggested in other series [12, 20, 28, 30] . These and our results confirm the central role of radiotherapy in PBL.
Chemotherapy
Chemotherapy was associated with a non-significant trend towards a better local control rate, (92% vs. 77% at 5 yrs). No effect could be demonstrated on overall or lymphoma-specific survival. In most reports, patients with intermediate or high grade PBL have received adjuvant chemotherapy [12, 14, 16, 19, 27, 28, [30] [31] [32] [33] [34] . Because of the high proportion of patients receiving chemotherapy in these series, it is difficult to define its precise role, although a positive impact on local control [30] and relapse [15] is suggested. In the IELSG series, anthracyclinbased chemotherapy was associated with higher overall survival [12] . In low-grade lymphoma, the role of adjuvant chemotherapy is very doubtful.
In addition to these various systemic treatments, newer therapies, such as rituximab [35, 36] deserve further investigation, but experience in PBL is still limited [37] .
Combined modality treatment
Thirty-seven (44%) of our patients were treated with combined modality treatment. A favorable impact on local control was observed (p = 0.03) in the univariate analysis which was not confirmed in the multivariate analysis. Aviles et al have recently published their randomized trial of PBL in which 96 patients were allocated to radiotherapy (n = 30), chemotherapy (n = 32), and combined modality treatment (n = 34) [11] . All were staged IE or IIE PBL, with a good balance of prognostic factors between the 3 treatment groups. At 10 years, actuarial overall survival was 50%, 50% and 76% (p < 0.01) respectively [11] . A posi-tive impact of combined modality in PBL is also suggested is several retrospective series [12, [15] [16] [17] 19, 33] .
Overall prognosis
With regard to the outcome of patients with PBL, overall prognosis was only fair, with an overall 5 yr survival rate of 53%. Even for stage IE, 5-yr overall survival was only 62%. The 5-year survival reported in other series varied from 50 -82% [11, 12, 16, 17, 20, 30, 33] and was likely to be related to the distribution of prognostic factors in the different series.
Local control
The local control rate in our series was 87% at 5 years. Unfortunately, information on local control in most other series is vary scarce. DeBlasio et al report a 78% local control rate [29] and in Dao et al's series only 1 of 13 patients presented with a local relapse [30] whereas in Ganjoo's series no recurrence occurred in the involved breast [20] .
In spite of these limited data, overall local control for patients receiving RT alone or combined with chemotherapy appears to be generally excellent.
Systemic relapse
Forty-three patients (55%) suffered from a systemic relapse predominantly in deep-seated (n = 13), and peripheral (n = 8) lymph nodes, the central nervous system (n = 12), and bone marrow (n = 7), after a median follow-up of 22 months (range 4-140 months). The high rate of central nervous system relapses in PBL was also found in other studies [11, 17, 19, 34] , and some authors have raised the question of prophylactic central nervous system therapy [11, 12, 19, 34] .
Prognostic factors
As shown in other studies of the Rare Cancer Network, the successful collection of data for rare cancers enabled us to define various prognostic factors. In univariate analyses, there was a borderline non-significant trend for a better 5year survival in patients younger than 64 years. Stage IE was highly significantly better than stage IIE concerning overall, lymphoma-specific, disease-free survival, and local control. Concerning treatment, surgery had a statistically significant negative impact on overall and lymphoma-specific survival, and radiotherapy a statistically significant positive effect on lymphoma-specific survival and local control. Neither chemotherapy nor combined modality treatment significantly influenced OS, LSS, and DFS, whereas combined modality had a significant impact on local control.
In the multivariate analyses, early stage remained statistically significant for OS, LSS, DFS and LC, tumour size for OS and LSS, whereas RT was significant only for LC. Prognostic factors were also found in some of the other stud-ies. In particular, Ann Arbor Stage [13, 16, 17] , International Prognostic Index [12, 16] , and grade [13] had a positive impact on overall survival and disease-free survival.
Conclusion
Primary breast lymphoma is a rare presentation of NHL. Therefore one should remain cautious in drawing strong conclusions. However, as we have analyzed one of the largest groups of patients with PBL, we can conclude that overall prognosis is only fair, that local control is excellent with RT or combined modality treatment but systemic relapses, including in the CNS, still occur frequently. The identification of several prognostic factors may be useful indicators regarding the overall management of PBL.
